Markarian RA, Feitosa Filho M, Vasconcelos E. Model‐less digital workflow for the replication of an existing complete fixed implant‐supported prosthesis using an intraoral scanner. Clin Case Rep. 2019;7:500--505. 10.1002/ccr3.2012

1. INTRODUCTION {#ccr32012-sec-0003}
===============

The successful delivery of complete‐arch fixed implant‐supported prostheses (CAFIPs) includes precise treatment steps regarding planning, implant placement, clinical, and laboratory procedures.[1](#ccr32012-bib-0001){ref-type="ref"} The clinical prosthetic workflow for CAFIPs requires the recording of implant tridimensional positions, along with soft and hard tissue contours. Also, prosthetic gingiva volumes and ideal teeth positions need to be transported from initial try‐ins to the final prosthesis to achieve fully functional and esthetic results.[2](#ccr32012-bib-0002){ref-type="ref"}

Due to the efficiency and the cost‐effectiveness, CAD/CAM systems have driven the increased development of such technologies for CAFIPs.[3](#ccr32012-bib-0003){ref-type="ref"}, [4](#ccr32012-bib-0004){ref-type="ref"} One of the useful software tools available in dental scanners is a dual‐scan protocol in which the gypsum cast containing the implants can be superimposed with a prosthetic reference, facilitating the design of the final structure for CAFIPs.[5](#ccr32012-bib-0005){ref-type="ref"}, [6](#ccr32012-bib-0006){ref-type="ref"} This strategy was used in by Papaspyridakos et al,[7](#ccr32012-bib-0007){ref-type="ref"} which described an expedited protocol illustrating a digital workflow for full‐arch implant rehabilitation of the extremely atrophic mandible in three appointments, using a scanned provisional prosthesis and the scanned working cast.[7](#ccr32012-bib-0007){ref-type="ref"}

Theoretically, an intraoral scanner could be used to collect all the required data to fabricate a CAFIP. By scanning directly intraorally, we could produce the restoration more efficiently by reducing clinical and laboratory fabrication steps; avoiding inaccuracies that can occur from impression materials and gypsum deformation; requiring less intervention along the processes; and reducing the chance of human errors.[8](#ccr32012-bib-0008){ref-type="ref"}, [9](#ccr32012-bib-0009){ref-type="ref"}, [10](#ccr32012-bib-0010){ref-type="ref"} However, there are few reports of full‐arch intraoral scans for CAFIP fabrications, and one of the main reasons may be the difficulties related to record hard tissue data points in complete‐arch cases, using intraoral scanners.[11](#ccr32012-bib-0011){ref-type="ref"}, [12](#ccr32012-bib-0012){ref-type="ref"}

As digital software, hardware, and new materials keep developing, new workflow possibilities are emerging. Zirconium oxide (ZO) is one of the materials suited for implant‐supported CAD/CAM rehabilitations, prepared via subtractive milling, as it offers good esthetics, biocompatibility, shade stability, low accumulation of plaque, good resistance to abrasion, and low thermal conductivity.[13](#ccr32012-bib-0013){ref-type="ref"}, [14](#ccr32012-bib-0014){ref-type="ref"} Recent advances in the ZO technology were achieved by the production of variants with improved translucency that allows the construction of full‐contour restorations, combining esthetic results along with high mechanical properties.[15](#ccr32012-bib-0015){ref-type="ref"}, [16](#ccr32012-bib-0016){ref-type="ref"}, [17](#ccr32012-bib-0017){ref-type="ref"}

In this clinical case report, a novel and completely digital workflow was used for the fabrication of a complex full‐arch implant rehabilitation with minimally veneered monolithic zirconia, based on an existing prosthesis. For that end, the strategy included one intraoral scanner, besides CAD and CAM optimizations trough a model‐less approach.

2. CASE REPORT {#ccr32012-sec-0004}
==============

A 46‐year‐old woman presented with an edentulous maxilla and the intention to substitute her implant‐supported metal‐acrylic resin prosthesis for esthetic concerns and tooth wear. The prosthetic maxillary midline deviation detected was not a concern. The patient requested an expedited and efficient treatment with a 4‐week deadline. Clinical and radiographic examination revealed six implants placed in the maxilla, two posterior zygomatic fixtures, and four anterior parallel implants with prosthetic abutments installed onto all of them (Figure [1](#ccr32012-fig-0001){ref-type="fig"}). Mild mucositis was observed around the implants. The lower arch was fully dentated.

![Panoramic X‐ray showing the initial condition of the patient](CCR3-7-500-g001){#ccr32012-fig-0001}

Mild horizontal bone loss was noticed, with no signs of acute periodontal disease. The vertical dimension and occlusal plane were considered preserved, and there was no TMJ symptomatology.

Different treatment plans were discussed between the dental team and the patient, who agreed to replace her metal‐acrylic resin maxillary CAFIP, with a new full‐contour zirconia. The patient only agreed with the periodontal treatment on the lower jaw, committing to subsequently proceed with all the needed treatments. The patient was not able to recover the implants brands and models, from the original implantologist. However, the prior prosthetic abutments were all considered in good conditions, and as such, they were kept to support the final rehabilitation.

Despite the signs of wear and aging, prosthetic contours, labial support, and vertical dimension were preserved, and for that reason, the replication of the information into the final rehabilitation was considered useful (Figures [2](#ccr32012-fig-0002){ref-type="fig"} and [3](#ccr32012-fig-0003){ref-type="fig"}). The patient was informed that keeping a long buccal flange in the new prosthesis, such as the one present in the previous version, was not recommended for hygiene reasons; however, the patient did not agree to diminish the buccal volume for esthetics concerns with the labial support.

![Extraoral initial condition of the treatment](CCR3-7-500-g002){#ccr32012-fig-0002}

![Intraoral picture showing tooth wear and esthetic issues with the previous maxillary restoration](CCR3-7-500-g003){#ccr32012-fig-0003}

One intraoral digital scanner (Trios 3; 3shape) was used for the digital impressions, including the original prosthesis as a reference in dual scan. The resulting scan file for both jaws with the correct occlusion was sent to a dental laboratory for virtual planning (Esteticart, São Paulo, Brazil). Using Dental System design software (3shape, Copenhagen, Denmark), one CAFIP was projected to match references of the original one (Figure [4](#ccr32012-fig-0004){ref-type="fig"}). Some improvements were achieved in occlusal, palatal, and buccal teeth anatomy design. A cutback was done at the buccal side of the anterior teeth between canines and at the gingival region to allow ceramic layering and esthetic individualization. The prosthetic‐abutment interface was designed with a cutback to include an interposed titanium‐based (Ti‐based) insertion.

![The new CAFIP was projected to match the references from the original one. This image shows both prostheses superimposed, while in CAD project](CCR3-7-500-g004){#ccr32012-fig-0004}

The final restoration file was then exported as a STL file (stereolithography) and imported into a CAM software (Match 2; Amann Girrbach), in order to be milled in a machine (Ceramill Motion 2; Amann Girrbach, Koblach, Austria). Translucent zirconia was chosen as the material for the final restoration (Ceramill Zolid; Amann Girrbach). After milling, the material required some finishing refinements and was pigmented to enhance the final color scheme predicted (Ceramill Liquid; Amann Girrbach), and then sintered in a dedicated furnace (In Fire; Sirona, Bensheim, Germany), according to the manufacturer\'s instructions. After the 12‐hour sintering cycle, the structure was released from the rest of the blank and sent for a clinical trial, altogether with the Ti‐based abutments (IMAC 04; SIN) that were fitting passively into the interface hollows.

As there was no working model, the final fit of structure could only be tried in mouth. After clinical try‐in and radiographic analysis, fit was considered optimal, and minor occlusal adjustments were conducted at low speed. The structure was then sent to the laboratory for ceramic layering onto gingiva and between canines to achieve the desired contour and shade.

The patient and the dental team approved the finished prosthesis in esthetic and functional requirements. The structure interface hollows and the Ti‐based abutments were then cleansed with ethanol. Composite resin cement (RelyX Unicem; 3M ESPE, Maplewood‎, MN, USA) was then applied to the surfaces of both devices, and the excess cement was carefully removed. The complete set was then installed in the patient's mouth with a 10 N cm fastening torque and prepolymerized with a light unit for 20 seconds at each implant screw site, while the patient was occluding. The CAFIP was removed from the patient's mouth for finishing, and the interface Ti‐based abutments were polymerized from the base side for another 40 seconds. The CAFIP was finally secured in mouth with a 15 N cm. All screw accesses were sealed with PTFE pellets and composite resin (Z250; 3M ESPE) (Figures 6 and 7). A panoramic radiograph of the patient was made for post‐treatment assessment (Figure 8).

The patient was instructed on proper oral hygiene techniques, to initially follow a soft diet and was scheduled for periodic follow‐up appointments, up to 3 months after final installation.

The proposed treatment with a digital approach was efficient in the delivery of a full‐contour zirconia CAFIP, with improved esthetics when compared to the original metal‐acrylic resin implant‐supported prosthesis.

The patient was then referred to an Endodontist, for further analysis of the periapical radiolucencies detected in teeth \#22, \#23, \#27, and \#31 that were asymptomatic.

3. DISCUSSION {#ccr32012-sec-0005}
=============

In the present clinical report, the use of an intraoral scanner, along with CAD/CAM software and equipment, enabled the dental team to plan and fabricate one zirconia CAFIP, through a model‐less digital workflow.

In the presented patient report, despite the signs of aging, the patient did not request significant esthetic changes to the new rehabilitation (Figures [1](#ccr32012-fig-0001){ref-type="fig"}, [2](#ccr32012-fig-0002){ref-type="fig"}, [3](#ccr32012-fig-0003){ref-type="fig"}). The rationale applied to the patient was that the replication of general prosthetic contours, vertical dimension, tooth disposition and size, gingiva volume, and color references could shorten the clinical steps and increase final predictiveness (Figure [4](#ccr32012-fig-0004){ref-type="fig"}). As such, the volume of the previous CAFIP superimposed with hard and soft tissue contours, needed to be transported, by a dual‐scan technique into the CAD software to enable the new design.[4](#ccr32012-bib-0004){ref-type="ref"}, [5](#ccr32012-bib-0005){ref-type="ref"}, [17](#ccr32012-bib-0017){ref-type="ref"}

The correct use of a intraoral scanner was a key moment in the methodology, allowing the acquisition of all the data needed in one straightforward session: (a) implant tridimensional locations; (b) impression of gingiva contours; (c) prosthetic implant emergence profiles; (d) previous prosthesis gingival volume; (e) previous tooth shapes and tridimensional positions; (f) the occlusion as related to the previous prosthesis; (g) vertical dimension; and (h) opposing arch.

The scanned data gathered were used by the dental technician to establish correct design parameters for the final production of the structure. While in CAD, the design resembled those made from gypsum casts using a dual‐scan strategy in laboratory scanners.

The material chosen for the final CAFIP was ZO, as it would allow a balance between translucency and structural resistance.[15](#ccr32012-bib-0015){ref-type="ref"} A zirconia structure is often constructed to be veneered with ceramic. However, in order to prevent the problem of chipping of veneering porcelain, and improve resistance, monolithic full‐contour zirconia has been proposed for CAFIPs. Recent studies have reported that ZO is a predictable material with good results up to a 5 year follow‐up for the construction of either monolithic[16](#ccr32012-bib-0016){ref-type="ref"} or layered CAFIPs.[13](#ccr32012-bib-0013){ref-type="ref"}, [14](#ccr32012-bib-0014){ref-type="ref"}

In the presented patient, only a ±1 mm space at the prosthetic buccal side of teeth and gingiva was left to be veneered with ceramics. The design and cutback of the structure in CAD were made to guide the manufacturing pathway, facilitating an esthetic effect of individualization of teeth and a good fit to the crestal side (Figure [5](#ccr32012-fig-0005){ref-type="fig"}). Veneering ceramics onto the structure without a working model proved to be a challenging task for the ceramic artist; however, the coloring of the structure during the sintering process, helped to achieve the desired colors. The result was an esthetically pleasant prosthesis, in which the layered ceramic was slightly more translucent than the raw zirconia regions (Figures [6](#ccr32012-fig-0006){ref-type="fig"} and [7](#ccr32012-fig-0007){ref-type="fig"}). The patient also reported the new prosthesis to be more comfortable, because of the slimmer volumes on the gingival and palatal sides, the more detailed tooth anatomies, and the more pleasant overall texture for oral soft tissues, especially in the ceramic veneered regions. Additional modifications in shapes and colors were not needed after a trial insertion in this patient, but if necessary, a working model could be fabricated to that end, by 3D printing or by conventional implant impression methods.[8](#ccr32012-bib-0008){ref-type="ref"}

![Appearance of the zirconia CAFIP structure after pigmenting and sintering, before ceramic veneering](CCR3-7-500-g005){#ccr32012-fig-0005}

![Extraoral final condition of the treatment](CCR3-7-500-g006){#ccr32012-fig-0006}

![Intraoral picture showing the CAFIP in position, with improved esthetics when compared to the patient initial situation](CCR3-7-500-g007){#ccr32012-fig-0007}

Dental CAD/CAM systems allow the prosthetic seating interface to be milled directly onto the prosthetic structure[4](#ccr32012-bib-0004){ref-type="ref"} or by cementing on prefabricated titanium‐based abutments.[2](#ccr32012-bib-0002){ref-type="ref"} The cement on strategy combines the strength and fit precision of a titanium dental implant‐abutment interface with the esthetics of shaded custom‐milled ZO and results in low wear to prosthetic abutments.[18](#ccr32012-bib-0018){ref-type="ref"} An intraoral cementation of titanium interfaces was chosen in the present patient, as the cement could minimize some misfit, creating an accommodation layer between Ti‐base and prosthesis.

In vitro studies suggest that intraoral scanners can be used for digital full‐arch implant impressions, with acceptable precision and accuracy.[6](#ccr32012-bib-0006){ref-type="ref"}, [9](#ccr32012-bib-0009){ref-type="ref"}, [12](#ccr32012-bib-0012){ref-type="ref"} Gherlone related good clinical results when constructing all‐on‐4 CAFIPS trough an intraoral scanning workflow,[8](#ccr32012-bib-0008){ref-type="ref"} and such results agree with the present case report as a passive fit was also noticed in the presented patient by clinical and radiographic analysis (Figure [8](#ccr32012-fig-0008){ref-type="fig"}). From the previous background, we can infer that the fabrication of a CAFIPs from intraoral scans is challenging as the recording of hard tissue reference points in complete‐arch cases is still not optimized in current intraoral scanners software and hardware.[11](#ccr32012-bib-0011){ref-type="ref"}, [12](#ccr32012-bib-0012){ref-type="ref"}

![Panoramic X‐ray showing the final condition of the patient. The CAFIP was constructed with full‐contour zirconium oxide, with a radiopaque effect in the X‐ray](CCR3-7-500-g008){#ccr32012-fig-0008}

Some limitations can be associated with the presented workflow, as it did not include an interim prosthesis to check the esthetic and functional outcomes. This was only possible because the previous prosthesis presented a good overall result and was considered a trustworthy reference to be replicated. Eventually in patients, which the previous prosthetic result presents issues regarding esthetics, vertical dimension, or occlusion, a new interim prosthesis should be created prior to the intraoral scan.[16](#ccr32012-bib-0016){ref-type="ref"}

The fabrication of a maxillary CAFIPs trough intraoral scan is theoretically easier than a mandibular one because the palatal vault and rugae are more recognizable references for the scanner, rather than the more mobile soft tissues at the mandibular arch.[12](#ccr32012-bib-0012){ref-type="ref"} Scanning the palatal surface anatomy proved to be tricky and necessary in the present workflow and should be included in the maxillary construction of full‐arch rehabilitations.

The digital, model‐less workflow did efficiently cut down turnaround time, as the process was more efficient than conventional methods,[1](#ccr32012-bib-0001){ref-type="ref"}, [8](#ccr32012-bib-0008){ref-type="ref"} and diminishing the possibility of human errors.[10](#ccr32012-bib-0010){ref-type="ref"} However, the implementation of such workflow proved to be challenging, requiring advanced skills in clinical and laboratory procedures. A summary of key the clinical steps involved in the proposed digital workflow are enlisted in Table [1](#ccr32012-tbl-0001){ref-type="table"}.

###### 

Summary of key the clinical steps involved in the proposed digital workflow for the replication of a previously existing prosthesis into new restoration

  Process                          Device                              Objective                                                                             Observation
  -------------------------------- ----------------------------------- ------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------
  Intraoral scanning               Trios 3shape Scanner                To record the implant tridimensional positions, along with soft tissue contours       The previous prosthesis was also scanned as a reference in a dual‐scan protocol
  Restoration design (CAD)         Dental System, 3shape               To design a new restoration to match the general dimensions of the previous version   Some cutbacks were done to include Ti‐based insertions; also at the buccal side of the anterior teeth and at the gingival region
  Restoration milling (CAM)        Ceramill Motion 2; Amann Girrbach   To fabricate the framework for the final restoration                                  One translucent zirconia blank was used, and after milling, the framework was then sintered
  Framework try‐in                 Ceramill Zolid; Amann Girrbach      To access the fit and the occlusion of obtained with the framework                    Other aspects of the prosthesis could be analyzed such as vertical dimension; and palatal or buccal volumes
  Ceramic veneering                Emax Ceram, Ivoclar                 To achieve the final esthetic results at the gingival and buccal anterior regions     The ceramic was veneered onto the structure without a working model
  Ti‐based abutments cementation   IMAC 04; SIN Implants               To secure the Ti‐based abutments into the zirconia framework                          A composite resin cement was used for the cementation directly in mouth
  Rehabilitation delivery                                              To deliver the prosthetic rehabilitation to the patient                               Patient hygiene and the overall behavior of the rehabilitation were accessed up to a 3‐month follow‐up period
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4. CONCLUSION {#ccr32012-sec-0006}
=============

This clinical report demonstrated the treatment with one maxillary implant‐supported interim complete fixed dental prosthesis with a contemporary digital approach. All the required diagnostic data were acquired in a single visit, which reduced the overall treatment cost and time for the proposed treatments.
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